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BRANCH BROOK IN YORK COUNTY MAINE: 
FORMATION AND MAINTENANCE OF A DRAINAGE NETWORK BY
GROUNDWATER SAPPING
By Denis D'Amore 
Department of Environmental Quality Engineering
Commonwealth of Massachusetts
INTRODUCTION
The Sanford outwash plain is 163 km (62.8 mi2) in area and is located in
east central York County, Maine (Fig. 1). The late Wisconsinian sequence of 
very permeable stratified drift ranges in thickness from 8 m (26 ft) near 
South Sanford to a maximum thickness of 21 m (70 ft) in an area known locally 
as "The Plains". The outwash plain supplies groundwater to all or part of six 
streams in the region; the Merriland, Great Works, Mousam and Kennebunk 
Rivers, and Branch and Day Brooks. The latter two streams are the only ones 
whose watersheds are completely contained within the outwash plain.
Because of the low relief in the Branch Brook basin (55 m, 180 ft) and 
the high permeability of the surficial deposits, channel initiation and 
development is controlled principally by groundwater sapping and seepage 
rather than by surface runoff. Thus groundwater, not overland flow, is the 
dominant morphological agent responsible for the evolution of the drainage 
network of Branch Brook and also for that portion of the Mousam River that 
incises into the outwash plain.
Bedrock Geology
Four major rock units have been identified in the Sanford-Wells region 
(Hussey, 1962). Proceeding from east to west, the first unit is a 8 km (5 mi) 
wide band of calcareous sandstone, siltstone, and graywacke. This is followed 
by a thin strip of metamorphosed shale, siltstone and minor sandstone. These 
northeast trending units are referred to respectively as the Kittery and 
Elliot Formations and are of lower-middle Silurian age. Immediately west of 
the Kittery and Elliot Formations - is a 4.8 km (3 mi) wide belt of lower 
Devonian calcareous metasedimentary rocks. This unit also trends northeast 
and is referred to as the Berwick Formation.
.
The remaining bedrock unit in the area consists of three granitic plutons 
of upper Devonian age. The largest of these trends northeast and underlies 
the northwest portion of the outwash plain. This portion also forms the 
northwest proximal perimeter of the stratified drift. One of the other two
plutons forms the distal southern boundary of the outwash plain. It appears 
that this more southerly pluton diverted both the outwash and Branch Brook 
around its northern extremity (Fig. 2).
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When sapping occurs, th e water table intersects the land surface and 
groundwater discharges along a seepage face (Fig. 3). Thus, it should be 
appropriately termed a seepage face phenomenon.Distinctions between piping and 
sapping and seepage have been summarized in Table 1. The equipotential lines 
(lines representing the location of equal values of hydraulic head) are, in a 
homogeneous isotropic medium, at right angles to those flow lines (Fig. 4a).
If there is an enbayment such as tidal inlet along the land margin or if the 
aquifer is heterogeneous and anisotropic, the flow of groundwater is directed 
toward the embayment or more permeable area and a spring head develops (Fig. 
4b). With increased groundwater flow, pore pressure increases at the spring 
head. The sediments dilate and at some critical threshold gradient the grain 
to grain contact is lost. When this gradient is reached, the finer particles 
are washed cut of the matrix causing a collapse of the coarser fraction. This 
leads to an enlargement of the embayment. In the case of more permeable 
sediments flanked by less permeable material this causes the formation of a 
small gully. This process results in more flow lines being concentrated at the 
gully head as the equipotential lines become more distorted around the 
incipient valley (Fig. 4c). With groundwater now flowing at the head and 
along the valley walls, the process can repeat itself and tributaries can begin
to form as the trunk stream begins to meander (Fig. 4c).
.
Dunne (1980) calls the concentration of flow lines a positive feedback 
mechanism whereby the more the gullyhead retreats, the probability of repeated 
failure due to sapping increases. Because the groundwater flow paths are 
perpendicular to the discharge face, tributaries generally form at right angles 
to the first order channel, resulting in what Higgins (1982) refers to as a 
pectinate drainage net work (Fig. 5). Although the initial orientation of the 
tributaries is perpendicular to the higher order stream, if there are 
variations in horizontal hydraulic conductivity within the aquifer (horizontal 
anisotropy), the tributaries will become re-aligned and channel development 
will follow the path of the more permeable sediments (Fig. 5). As channels and 
their tributaries continue to migrate headward, at some point springs begin 
competing for the same groundwater and the positive feedback mechanism becomes 
less effective and eventually the sapping process stops.
Threshold Hydraulic Gradient For Sapping in Unconsolidated Sediments
A curve identifying the threshold hydraulic gradients necessary to induce 
sapping in unconsolidated sediments of various permeability is shown in 
Figure 6. It was developed by measuring headwall hydraulic gradients and 
conductivities of beach foreshore drainage networks (D'Amore, 1983). This 
curve represents the minimum conditions necessary for the initiation of the 
sapping process in unconsolidated sediments of similar densities. The negative 
slope indicates that coarser sediments (with greater values of K) require 
smaller gradients (J) to initiate sapping. There is an upper limit, possibly 
in the granule range above which the sediments become too coarse, thereby 
decreasing the effectiveness of the seepage face. Above this limit the grains 
would be too heavy to be dislodged by the outflow of groundwater at the seepage 
face and other erosional processes would dominate. There is also a lower limit 
as well, perhaps in the silt or silt-clay range, below vhich piping rather than 
seepage becomes the dominant erosional process. It has been suggested that 
this lower limit might be a function of the degree of coheseivenes of the 
sediments (La Fleur, pers. comm.).
Figure 3. Groundwater discharge along a seepage 
Whenever a phreatic surface approaches a downstream 
external boundary of a flow domain, it will always 
terminate on it at a point (A) that is above the water 
table. The surface A B represents the s
(after Bear, 1979).
Figure 4. Plan view of a groundwater flow net during 
extension of spring heads to form a drainage network. 
Solid arrows are flow lines, dashes indicate
equi-potential lines, a) Groundwater flows towards the 
land margin; b) convergence of groundwater flow at the 
head of an embayment produced by a small piping failure
or by an initial irregularity in the land margin; 
c) increased convergence of flow lines around a spring 
head that has retreated headward from the land margin 
extending a valley. A second piping failure has 
occurred on one side of the valley and is distorting 
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Occurrence of Sapping in the Sanford Outwash Plain
Of the six coastal streams in the outwash plain, the sapping process is 
the dominant morphologic agent in only those stream that dissect the sand and 
gravel of the stratified drift. The process is not observed in streams that 
are incising into the Presumpscot Formation or into till. Branch Brook and 
that portion of the Mousam River that is within the outwash plain show the 
consequences of extensive sapping (evidenced by the presence of numerous steep 
sided gullies trending at right angles to the main stream) (Fig. 7). The 
Merriland River, Day Brook, and the Kennebunk River, all of which dissect 
either till or sandy, silty clay, show no effects of sapping.
%
In the regions of the outwash plain vhere sapping is prevalent, many of 
the springs are ephemeral, flowing only during the late spring and early summer 
when the water table and thus the hydraulic gradient is high. Even in those 
springs that flow year round, headwall sapping is intermittent, occurring when 
the threshold gradient for those sediments has been reached. The driving 
mechanism for this process is natural recharge. During the months when 
evapotranspiration is low, the local hydraulic gradient to a flowing spring 
increases until the threshold is reached at which time the sapping process 
begins. In like manner, flow is initiated in ephemeral springs and then at 
some higher gradient headwall sapping starts.
Model for the Evolution of Branch Brook
On beach foreshores, as the tide recedes, base level is lowered more 
rapidly than groundwater discharge occurs. If the difference between the rate
of groundwater outflow (i.e. the seepage velocity) and the receding tide is
great enough a threshold gradient will be reached and sapping can begin. In 
contrast to the beach foreshore model, tectonic uplift or glacial rebound might
produce a similar effect in fluvial drainage systems. Along the southwestern 
coast of Maine isostatic rebound following the retreat of the Late Wisconsian 
Laurentide Ice Sheet might have occurred quickly enough to establish such a
gradient (Fig. 8).
%
This type of rebound particularly if it occurred spasmodically rather 
than continually could have allowed the saturated subaqueously deposited
outwash plain to begin discharging its saline groundwater into the ocean with 
sufficient force to initiate sapping. The path of least resistance for 
groundwater flow (i.e. the most permeable sediments in the outwash plain) would 
have been the distributary meltwater channels buried in the stratified drift 
which were preferentially oriented down the long axis of the outwash plain. 
Groundwater flow would have been directed to the ocean via these underground 
highly conductive zones. The presence of an embayment at the mouth of the 
present-day Branch Brook would have further accentuated groundwater flow to the 
inlet causing rapid retreat of the headwall thus permanently establishing the
stream channel. As salt water continued to be discharged, it would be 
replaced with meteoric waters. In fact, saline waters still ranain in some of
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Figure 8. Crustal rebound curve of the Gulf of Maine 




The field trip will leave the conference headquarters in Danvers promptly 
at 6:30 A.M. Low tide is at 6:57 A.M. so we would like to be on the beach and 
engaged in discussion by then.
Go east on Rte, 62 to Rte, 128. Proceed north on Rte. 128 to the 
Manchester, School St. exit (Exit 15). Take a right onto School St. for 
approximately 0.55 miles and go left on Lincoln St. (It is the second left 
after the blinking yellow light). Go to the end of Lincoln St. (0.5 mi.) and 
take a left onto Rte, 127. Take the first right onto Ocean St. after going 
under the railroad bridge (Ocean St. is 0.85 miles after Lincoln St.). White 
Beach will be on the right (o.35 miles).
(45 min.) STOP 1. Here we will look in detail at the seepage face
phenomenon; how the process works and examine what the controls are 







After leaving White Beach we will return to Rte. 128 by going north
to Rte. 133, west on Rte. 133 to Rte. 95 and north on Rte. 95 to the
Wells exit (Interchange No. 2 on the Maine Turnpike). Go east on 
Rte 9 & 109 to Wells Center and take a right onto Rte. 1 north. 
Mileage will start here at Wells Comer.
From Wells Comer go north on Rte. 1. (We'll stop for coffee and 
donuts here.)
Turn left onto Harrisecket Road which is directly across from 
Johnson Hall Auctioneers (look for the white columns).
Turn right into a 
the outwash plain.
pit which is located at the distal end of
(30 min) STOP 2. This is an excellent location to observe the heterogeneity
of the outwash deposits and to hypothesize as to what the preferred
groundwater flow paths are under saturated conditions.
Proceed down Harrisecket Road and stop at the bridge. (Park well off 
the road being careful of traffic and soft shoulders.)
(45 min) STOP 3. On the flood plain of Branch Brook we will be standing on
the Presumpscot Formation (an outcrop of which we will see). We 
will be at the base of the stratified drift suggesting that the 
drift is younger than the Presumpscot Formation. We will also look 
at some interesting morphological features of Branch Brook.
5.4 Take left at the stop sign onto Rte 9A cross over Rte 95 and bear to 
the right onto Maguire Rd.






(30 min) STOP 4______ L At this location, Day Brook, we will again be in the
Presumpscot Formation only now we will be above the stratified 
drift. From this we can conclude that as the Laurentide Ice 
retreated, the outwash plain was saturated with saline ground
Sheet
Make U turn and return to Maguire Rd
Proceed west on Maguire Rd. After 2 miles it will become a dirt 
road. Pass beneath the transmission lines and look for a white PVC 
observation well on the left.
STOP 5. Here we will look at some actively eroding gullies and 
some that are no longer in an erosional profile and offer 
suggestions as to why this happens. We will also discuss a 
model for the evolution of Branch Brook.
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